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MMP-2 PROPEPTIDE FOR USE AS 
ANTIANGIOGENIC OR ANTITUMOR AGENT 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority from U.S. Provisional Application Serial No. 
60/200,1 15, filed April 27, 2000. 

TECHNICAL FIELD 

This invention relates to molecular biology and oncology. 

BACKGROUND 

Matrix metalloproteinases (MMPs), also called matrixins, are involved in embryonic 
development, morphogenesis, reproduction, tissue resorption and tissue remodeling. They do 
so through their proteolytic role in the breakdown of extracellular matrix (ECM) (Nagase et 
al., 1999, J. Biol Chem. 274:21491-21494). This ECM destruction is particularly evident in 
pathological conditions such as osteoarthritis, rheumatoid arthritis, periodontal disease and 
atherosclerosis (Skotnicki, 1999, Ann. NY Acad Sci. 878:61-72). MMPs also have been 
implicated in tumor cell invasion and angiogenesis (Chambers et al., 1997, J. Natl Cancer 
Inst 89:1260-1270; Rosenthal et al., 1998, Cancer Res. 58:5221-5230; Stetler-Stevenson, 
1999, J. Clin. Invest. 103:1237-1241). Most MMPs are synthesized as prepro-enzymes and 
are secreted as inactive pro-MMPs. An N-terminal propeptide of approximately 80 amino 
acids is cleaved from the human MMP-2 pro-enzyme during conversion of the inactive pro- 
enzyme to the active enzyme (Massova et al., 1998, FASEB J. 12: 1075-1095). The MMP-2 
propeptide contains a conserved PRCG(V/N)PD motif (SEQ ID NO:6). The cysteine residue 
in this motif, sometimes called a "cysteine switch," ligates the catalytic zinc to maintain the 
inactivity of pro-MMPs (Van Wart et al., 1990, Proc. Natl Acad. Sci. USA 87:5578-5582; 
Becker et al., 1995, Protein Sci. 4:1966-1976). The proteolytic activities of MMPs are 
controlled, in part through inhibition by endogenous inhibitors such as a-macroglobulins and 
tissue inhibitors of metalloproteinases (TIMPs). 
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SUMMARY 

The invention features a method of inhibiting growth of a tumor in a mammal, e.g., a 
human patient. The method includes identifying a mammal whose body contains a tumor, 
and administering to the mammal a therapeutically effective amount of a polypeptide that 

5 contains the sequence ProArgCysGlyXaaProAsp, wherein Xaa represents Val or Asn (SEQ 
ID NO:6). The polypeptide can be 60 to 100 amino acids in length. In some embodiments, 
the polypeptide is a human MMP-2 propeptide (SEQ ID NO:l) or an MMP-2 propeptide-like 
polypeptide, i.e., a polypeptide having at least 80% sequence identity with SEQ ID NO: 1 . In 
some embodiments of the invention, an MMP-2 propeptide-like polypeptide consists of an 

10 amino acid sequence differing from SEQ ID NO:l by 1 to 10 conservative amino acid 

substitutions. In some embodiments, the polypeptide is fused to an N-terminal polyhistidine 
tag. Preferably, the MMP-2 propeptide or an MMP-2 propeptide-like polypeptide is 
administered parenterally. The polypeptide can be administered systemically. Alternatively, 
it can be administered locally to a tumor site. The therapeutically effective amount can be 1 

15 to 300 mg/kg body weight/day, e.g., 10-30 mg/kg body weight/day. 

The invention also features a method of inhibiting angiogenesis in a mammal, e.g., a 
human patient. The method includes administering to the mammal a therapeutically effective 
amount of a polypeptide that contains the sequence ProArgCysGlyXaaProAsp, wherein Xaa 
represents Val or Asn (SEQ ID NO:6). The polypeptide can be 60 to 100 amino acids in 

20 length. In some embodiments, the polypeptide is a human MMP-2 propeptide (SEQ ID 
NO:l) or an MMP-2 propeptide-like polypeptide, i.e., a polypeptide having at least 80% 

sequence identity with SEQ ID NO: 1 . 

The invention also features a method of inhibiting ECM destruction in a mammal, 
e.g., a human patient. The method includes administering to the mammal a therapeutically 
25 effective amount of a polypeptide that contains the sequence ProArgCysGlyXaaProAsp, 

wherein Xaa represents Val or Asn (SEQ ID NO:6). The polypeptide can be 60 to 100 amino 
acids in length. In some embodiments, the polypeptide is a human MMP-2 propeptide (SEQ 
ID NO.l) or an MMP-2 propeptide-like polypeptide, i.e., a polypeptide having at least 80% 

sequence identity with SEQ ID NO : 1 . 
30 The invention also features a pharmaceutical composition. The composition includes 

a polypeptide that contains the sequence ProArgCysGlyXaaProAsp, wherein Xaa represents 
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Val or Asn (SEQ ID NO:6). The polypeptide can be 60 to 100 amino acids in length. The 
polypeptide can be a human MMP-2 propeptide (SEQ ID NO: 1) or an MMP-2 propeptide- 
like polypeptide, i.e., a polypeptide having at least 80% sequence identity with SEQ ID 
NO:l . In some embodiments, an MMP-2 propeptide-like polypeptide consists of an amino 
acid sequence differing from SEQ ID NO:l by 1 to 10 conservative amino acid substitutions. 
In some embodiments, the polypeptide is fused to an N-terminal polyhistidine tag. 

Unless otherwise defined, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention 
belongs. In case of conflict, the present application, including definitions, will control. All 
publications, patents and other references mentioned herein are incorporated by reference. 

Although methods and materials similar or equivalent to those described herein can 
be used in the practice or testing of the present invention, preferred methods and materials 
are described below. The materials, methods and examples are illustrative only, and they are 
not to be construed as limiting the scope or content of the invention in any way. Other 
features and advantages of the invention will be apparent from the detailed description and 
from the claims. 

BREEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a computer printout showing an alignment of amino acids 30-109 of human 
MMP-2 (SEQ ID NO:l) and amino acids 30-109 of mouse MMP-2 (SEQ ID NO:l). This 
align comparison was done using the BLASTP 2.0 program, performing an ungapped 
alignment and using the default parameters. In this alignment, the mouse sequence is 100% 

identical to the human sequence. 

Fig. 2 is a computer printout showing an alignment of amino acids 30-109 of human 
MMP-2 (SEQ ID NO:l) and amino acids 30-109 of rat MMP-2 (SEQ ID NOs:l and 7). This 
align comparison was done using the BLASTP 2.0 program, performing an ungapped 
alignment and using the default parameters. Two rat sequences were found in the database. 
In these alignments, one rat sequence (SEQ ID NO: 1) is 100% identical, and the other (SEQ 
ID NO:7) is 98% identical to the human sequence. 

Fig. 3 is a computer printout showing an alignment of amino acids 30-109 of human 
MMP-2 (SEQ ID NO:l) and amino acids 31-109 of rabbit MMP-2 (SEQ ID NO:8). This 
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align comparison was done using the BLASTP 2.0 program, performing an ungapped 
alignment and using the default parameters. In this alignment, the rabbit sequence is 94% 
identical to the human sequence. 

Fig. 4 is a computer printout showing an alignment of amino acids 30-109 of human 
MMP-2 (SEQ ID NO:l) and amino acids 27-106 of chicken MMP-2 (SEQ ID NO:10). This 
align comparison was done using the BLASTP 2.0 program, performing an ungapped 
alignment and using the default parameters. In this alignment, the chicken sequence is 90% 

identical to the human sequence. 

Fig. 5 is a histogram summarizing the results of experiments conducted to determine 
the effect of recombinant MMP-2 propeptide on viability of cells of a cultured 
chondrosarcoma cell line. 

Fig. 6 is a histogram summarizing the results of experiments conducted to determine 
the effect of recombinant MMP-2 propeptide on bovine chondrocytes DNA synthesis. 

Fig. 7 is a histogram summarizing the results of experiments conducted to determine 
the effect of recombinant MMP-2 propeptide on bovine chondrocytes proteoglycan synthesis. 

Fig. 8 is a graph showing the effect of recombinant MMP-2 propeptide (1.7 mg/kg) 
on the growth of human melanoma cell line (HI 87) in mice. Data are expressed as the 

mean ± standard deviation. 

Fig. 9 is a graph showing the effect of recombinant MMP-2 propeptide (3.3 mg/kg) 
on the growth of human melanoma cell line (HI 87) in mice. Data are expressed as the 
mean ± standard deviation. 

DETAILED DESCRIPTION 

By interfering with tumor-induced neovascularization, polypeptides of the invention 
exert a powerful repressive effect on tumor growth. This growth inhibition is largely due to a 
restriction on nutrients and oxygen carried by the vascular system to sustain and nourish 
tumors. Such restriction on nutrients and oxygen leads to a cytostatic effect on the tumor 
cells. Proteins and protein fragments that function in maintaining the normal quiescent state 
of endothelial cells, the key building blocks of blood vessels, are used in the invention to 
suppress tumor growth and function: These agents can be employed together with 
conventional anticancer treatments such as surgery, radiation, and chemotherapy. In 
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addition, other pathological conditions characterized by excessive neovascularization can be 
treated using methods and compositions of the invention. Such other pathological conditions 
include diabetic retinopathy, rheumatoid arthritis, age-related macular degeneration, and 
psoriasis. 

5 By interfering with the enzymatic activity of MMPs, e.g., MMP-2, polypeptides of 

the invention can be employed to reduce unwanted ECM destruction. By virtue of reducing 
ECM destruction, these polypeptides are useful in treatment of diseases or disorders that 
involve ECM destruction, e.g., osteoarthritis, rheumatoid arthritis, periodontal disease and 
atherosclerosis 
10 Polypeptides 

An anti-proliferative, antiangiogenic or ECM destruction-inhibiting polypeptide 
suitable for use in the methods and compositions of the invention is the 80-amino acid 
sequence of SEQ ID NO: 1 . This polypeptide is identical with an N-terminal fragment of 
human MMP-2, and is known as the MMP-2 propeptide. Other polypeptides useful in the 

15 invention are MMP-2-like polypeptides whose amino acid sequence has at least 80% 

sequence identity with SEQ ID NO: 1 . In some embodiments, the differences consist of 1, 2, 
3, 4, 5, 6, 7, 8, 9, or 10 conservative amino acid substitutions. In other embodiments, the 
differences consist of additions or deletions of up to 16 amino acids, e.g., deletion of a block 
of amino acids at the amino terminus or carboxy terminus of the polypeptide defined by SEQ 

20 ID NO: 1 . Anti-proliferative, antiangiogenic or ECM destruction-inhibiting activities of 
human MMP-2 propeptide or human MMP-2-like propeptides can be assessed, without 
undue experimentation, by using one or more of the assays described in the Examples below, 
or by using any other suitable assay. Although an anti-proliferative, antiangiogenic or ECM 
destruction-inhibiting polypeptide of the invention can contain one or more amino acid 

25 sequences in addition to the ProArgCysGlyXaaProAsp (SEQ ID NO:6) motif; human MMP- 
2 propeptide or human MMP-2-like propeptide, preferably the polypeptide does not contain 

an MMP catalytic site. 

Human MMP-2 propeptide or an MMP-2 propeptide-like polypeptide can be obtained 
by any suitable method. The MMP-2 propeptide can be produced using conventional 
30 recombinant DNA technology, as described in the Examples below. Guidance and 
information concerning methods and materials for production of polypeptides by 
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recombinant DNA technology can be found in numerous treatises and reference manuals, 
e.g., Sambrook et al., 1989, Molecular Cloning -A Laboratory Manual, 2 nd Ed., Cold Spring 
Harbor Press; Ausubel et al. (eds), 1994, Current Protocols in Molecular Biology, John 
Wiley & Sons, Inc.; Innis et al. (eds.), 1990, PCR Protocols, Academic Press. 

5 Alternatively, the MMP-2 propeptide or modification thereof can be obtained directly 

by chemical synthesis, e.g., using a commercial peptide synthesizer. Methods and materials 
for chemical synthesis of polypeptides are well known in the art; See, e.g., KB. Merrifield, 
1963, "Solid Phase Peptide Synthesis," J. Am. Chem. Soc. 83:2149-2154. 

Useful modifications of human MMP-2 propeptide are exemplified by MMP-2 

10 propeptides from other species. The MMP-2 propeptide from mouse (Mus musculus) is 

100% identical with the human MMP-2 propeptide (Fig. 1). The MMP-2 propeptide from rat 
(Rattus norvegious) is 100% or 98% identical with the human MMP-2 propeptide (Fig. 2). 
The MMP-2 propeptide from rabbit (Oiyctolagus cuniculus) is 94% identical with the human 
MMP-2 propeptide (Fig. 3). The MMP-2 propeptide from chicken (Gallus gallus) is 90% 

1 5 identical with the human MMP-2 propeptide (Fig. 4). 

The determination of percent identity between two amino acid sequences is 
accomplished using the BLAST 2.0 program, which is available to the public on the Internet. 
See, e.g., the website for the National Center for Biotechnology Information (NCBI). 
Sequence comparison is performed using an ungapped alignment and using the default 

20 parameters (Blossom 62 matrix, gap existence cost of 1 1, per residue gap cost of 1, and a 

lambda ratio of 0.85). The mathematical algorithm used in BLAST programs is described in 
Altschul et al., 1997, Nucleic Acids Research 25:3389-3402. 

An MMP-2 propeptide or modification thereof can be administered according to the 
invention by any suitable method. Preferably the polypeptide is administered parenterally, to 

25 avoid digestion in the stomach. Parenteral administration can be systemic, e.g., by an 

intravenous route. In some embodiments, the polypeptide is administered locally, e.g., by 
direct injection into a tumor. 

Polypeptide Dosage, Formulation and Administration 

MMP-2 and other MMPs are secreted into intracellular spaces such as extracellular 
30 matrices. Therefore, in the practice of the invention, the MMP-2 propeptide or MMP-2 
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propeptide-like polypeptide need not cross cytoplasmic membranes or otherwise enter into 
cells. 

The dosage of the MMP-2 propeptide or MMP-2 propeptide-like polypeptide can be 
1-300 mg/kg body wt/day, e.g., 10-30 mg/kg body wt/day. Optimization of dosage will 
depend on factors such as location, size, and type of tumor being treated, route of 
administration, age and condition of the patient. Such optimization is within ordinary skill in 
the art. 

MMP-2 propeptide or an MMP-2 propeptide-like polypeptide can be formulated into 
pharmaceutical compositions by admixture with pharmaceutical^ acceptable nontoxic 
excipients and carriers. Such compositions can be prepared for use in parenteral 
administration, particularly in the form of liquid solutions or suspensions; for oral 
administration, particularly in the form of liquid, tablets or capsules; or intranasally, 
particularly in the form of powders, nasal drops, or aerosols. 

The composition can be administered conveniently in unit dosage form and can be 
prepared by any of the methods known in the art. Such methods are described, for example, 
in Remington f s Pharmaceutical Sciences (Mack Pub. Co., Easton, Pa., 1980). 

Liquid dosage forms for oral administration include pharmaceutical^ acceptable 
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the 
active compound, the liquid dosage forms may contain inert diluents commonly used in the 
art such as, for example, water or other solvents, solubilizing agents and emulsifiers such as 
ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl 
benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in particular, 
cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol, 
tetrahydrofurfiiryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and 
mixtures thereof. Besides inert diluents, the oral compositions can also include adjuvants 
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and 
perfuming agents. .» 

Injectable depot forms are made by forming microencapsulated matrices of the drug 
in biodegradable polymers such as polylactide-polyglycolide. Depending upon the ratio of 
drug to polymer and the nature of the particular polymer employed, the rate of drug release 
can be controlled. Examples of other biodegradable polymers include poly(orthoesters) and 
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poly(anhydrides). Depot injectable formulations are also prepared by entrapping the drug in 
liposomes or microemulsions which are compatible with body tissues. 

Solid dosage forms for oral administration include capsules, tablets, pills, powders, 
and granules. In such solid dosage forms, the active compound is mixed with at least one 

5 inert, pharmaceutical^ acceptable excipient or carrier such as sodium citrate or dicalcium 
phosphate. Other additives include (a) fillers or extenders such as starches, lactose, sucrose, 
glucose, mannitol, and silicic acid; (b) binders such as carboxymethylcellulose, alginates, 
gelatin, polyvinylpyrrolidinone, sucrose, and acacia; (c) humectants such as glycerol; (d) 
disintegrating agents such as agar-agar, calcium carbonate, potato or tapioca starch, alginic 

10 acid, certain silicates, and sodium carbonate; (e) solution retarding agents such as paraffin; 
(£) absorption accelerators such as quaternary ammonium compounds; (g) wetting agents 
such as cetyl alcohol and glycerol monostearate; (h) absorbents such as kaolin and bentonite 
clay; and (i) lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene 
glycols, sodium lauryl sulfate; and mixtures thereof. In the case of capsules, tablets and pills, 

15 the dosage form may also include buffering agents. Solid compositions of a similar type may 
also be employed as fillers in soft and hard-filled gelatin capsules using such excipients as 
lactose or milk sugar as well as high molecular weight polyethylene glycols and the like. 

The solid dosage forms of tablets, dragees, capsules, pills, and granules can be 
prepared with coatings and shells such as enteric coatings and other coatings well known in 

20 the pharmaceutical formulating art. They may optionally contain opacifying agents and can 
release the active ingredient(s) only, or preferentially, in a certain part of the intestinal tract, 
optionally, in a delayed manner. Examples of embedding compositions that can be used 
include polymeric substances and waxes. 

Solid compositions of a similar type may also be employed as fillers in soft and hard- 

25 filled gelatin capsules using such excipients as lactose or milk sugar as well as high 
molecular weight polyethylene glycols and the like. 

The active compounds can also be in micro-encapsulated form with one or more 
excipients as noted above. In solid dosage forms the active compound may be admixed with 
at least one inert diluent such as sucrose, lactose or starch. Such dosage forms may also 

30 comprise, as is normal practice, additional substances other than inert diluents, e.g., tableting 
lubricants and other tableting aids such a magnesium stearate and microcrystalline cellulose. 
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In the case of capsules, tablets and pills, the dosage forms may also comprise buffering 
agents. They may optionally contain opacifying agents and can also be of a composition that 
they release the active ingredient(s) only, or preferentially, in a certain part of the intestinal 
tract, optionally, in a delayed manner. Examples of embedding compositions which can be 
used include polymeric substances and waxes. 

EXAMPLE 

Recombinant Production of MMP-2 Propeptide. The human MMP-2 propeptide was 
cloned and expressed in a bacterial system as a recombinant fusion protein having an N- 
terminal polyhistidine tag. The recombinant human MMP-2 propeptide (with polyhistidine 
tag) consisted of the amino acid sequence MRGSHHHHHH GSAPSPITXF PGD V APKTDK 
ELAVQYLNTF YGCPKESCNL FVLKDTLKKM QKFFGLPQTG DLDQNTTETM 
RKPRCGNPDV AN (SEQ ID NO:2). The recombinant polypeptide consisting of the amino 
acid sequence of SEQ ID NO:2 was encoded by the nucleotide sequence 

ATGAGAGGATCGCATCACCATCACCATCACGGATCCGCGCCGTCGCCCATCATC 

AAGTTCCCCGGCGATGTCGCCCCCAAAACGGACAAAGAGTTGGCAGTGCAATAC 

CTGAACACCTTCTATGGCTGCCCCAAGGAGAGCTGCAACCTGTTTGTGCTGAAGG 

ACACACTAAAGAAGATGCAGAAGTTCTTTGGACTGCCCCAGACAGGTGATCTTG 

ACCAGAATACCATCGAGACCATGCGGAAGCCACGCTGCGGCAACCCAGATGTGG 
CCAAC (SEQ ID NO:3). 

The human MMP-2 propeptide was amplified from total liver DNA using RT-PCR as 
described in Weissbach et al., 1992, Biochem. Biophys. Res. Commun. 186: 1 108-1 1 14. The 
oligonucleotide primers contained engineered restriction enzyme recognition sites, and the 
MMP-2 RT-PCR product was directionally cloned into a bacterial expression plasmid (pQE- 
30, Qiagen, Valencia, CA) using BamHi and KpnI. The sense primer consisted of the 
sequence TTTAAAGGATCCGCGCCGTCGCCCATCATC (SEQ ID NO:4). The antisense 
primer consisted of the sequence TCCCAGGGTACCCTAGTTGGCCACATCTGGGTT 
(SEQ ID NO:5). 

Cloning into pQE-30 with a BamHI/KpiiI^directed DNA insertion also resulted in an 
identical 12-amino acid N-terminal tag preceding the MMP-2 propeptide sequence of 80 
amino acids. The complete fusion protein of SEQ ID NO:2 has 92 amino acids, a calculated 
molecular weight of 10,333 Da and an isoelectric point of 8.8. 
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Purification of Recombinant Polypeptide. The recombinant MMP-2 propeptide with 
polyhistidine tag was purified from bacterial host cells essentially according to the procedure 
published in Lewis et al., 1999, Eur. J. Biochem. 259:618-625. Briefly, the polypeptide was 
solubilized in urea (8 M), isolated via nickel affinity chromatography, and eluted with 

5 imidazole. The eluate was then extensively dialyzed against phosphate-buffered saline 
(PBS). The homogeneity of the polyhistidine-tagged MMP-2 propeptide preparation was 
confirmed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). 

Animal Cell Experiments. The effects of the MMP-2 propeptide on viability and 
metabolism of cultured animal cells was observed. A human chondrosarcoma cell line was 

10 cultured in both the presence and absence of 50 pg/ml recombinant MMP-2 propeptide 

(serum-free). Cultures were observed over a 48 hours period. Cell viability was monitored 
via crystal violet nuclear staining and absorption spectroscopy (OD590). Absorbance is 
proportional to cell number (Gillies, 1986, Anal. Biochem. 159:109-1 13). Cells exposed to 
MMP-2 propeptide showed no decrease in cell number when compared to control cells (Fig. 

15 5). The compound ET-743 (a chemotherapeutic agent being evaluated in clinical trials 

(Izbicka et al., 1998, Ann Oncol 9:981-987)) was observed to be cytotoxic, as evidenced by 
a 50% decrease in viable cell number (Fig. 5). That MMP-2 had no effect on the cultured 
cancer cell line was not unexpected since the effects of angiogenesis inhibitors (such as 
angiostatin and endostatin) are believed to be restricted to mature endothelial cells. 

20 The effect of recombinant MMP-2 propeptide on primary cultures of calf articular 

chondrocytes was investigated. The effect of the propeptide on both [^thymidine 
incorporation into DNA and [ 35 S]sulfate incorporation into proteoglycans was measured 
essentially as described in Bonassar et al., 1997, Exp. Cell Res. 234:1-6. Briefly, 
chondrocytes were isolated from radiocarpal joints of 1 to 2-week old calves by preparing 2- 

25 3 mm 2 slices, transferring to serum-free medium containing 0.08% collagenase, and 

incubating overnight at 37°C in a spinner bottle. Released cells were filtered through nylon 
mesh and washed to remove undigested tissue and collagenase. Cells were plated in serum- 
containing medium and incubated for 2-4 days. Following the 2-4 day period, the serum- 
containing medium was replaced with serum-free medium and the cells were allowed to 

3D incubate for an additional 48 hours. [ 35 S]sulfate or [ s H]thymidine was added to the serum- 
free medium for the final 16 hours of the incubation period. Cell monolayers were then 
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processed for quantification of radiolabel incorporated into macromolecules. At a 
concentration of 50 ng/ml, recombinant MMP-2 propeptide suppressed DNA synthesis by 
38% (Fig. 6). Proteoglycan synthesis was inhibited by about 50% (Fig. 7). These results 
demonstrate the antiproliferative or antiangiogenic activities of MMP-2. 

The effects of recombinant MMP-2 propeptide on tumor growth were investigated in 
vivo. Xenografts consisting of a human melanoma cell line (HI 87) were implanted 
subcutaneously into athymic nude mice (CD1 nu/nu), and allowed to grow to a size of about 
100 mm 3 . The mice were then randomized into three groups. Each of the three groups of 
mice were treated with one of the following: phosphate-buffered saline (control), doses of 
1.7 mg recombinant MMP-2 propeptide/kg mouse weight, or doses of 3.3 mg MMP-2 
propeptide/kg mouse weight. Doses were administered intraperitoneally once per day for 
nine consecutive days. Following the nine-day period, tumor volumes in all mice were 
measured. The recombinant MMP-2 propeptide was shown to inhibit tumor growth at both 
doses (Figs. 8 and 9). The percent inhibition was greater for the lower dose than the higher 
dose (63% and 50% respectively, at day 14). The data were statistically significant 
(p=0.0005 and 0.002 for the 1.7 and 3.3 mg/kg doses, respectively, based on ANOVA two- 
factor variance analysis). These data demonstrate that MMP-2 propeptide can interfere with 
the formation of an active MMP-2 species, resulting in the disruption of angiogenesis and/or 
tumor cell proliferation. 

A number of embodiments of the invention have been described. Nevertheless, it will 
be understood that various modifications may be made without departing from the spirit and 
scope of the invention. Accordingly, other embodiments are within the scope of the 
following claims. 

What is claimed is: 
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1 1 . A method of inhibiting growth of a tumor in a mammal, comprising identifying a 

2 mammal whose body comprises a tumor, and administering to the mammal a therapeutically 

3 effective amount of a polypeptide that comprises the sequence ProArgCysGlyXaaProAsp, 

4 wherein Xaa represents Val or Asn (SEQ ID NO:6). 

1 2. The method of claim 1, wherein the polypeptide is 60 to 100 amino acids in 

2 length. 

1 3. A method of inhibiting growth of a tumor in a mammal, comprising identifying a 

2 mammal whose body comprises a tumor, and administering to the mammal a therapeutically 

3 effective amount of a polypeptide having at least 80% sequence identity with SEQ ID NO: 1 . 

1 4. The method of claim 3, wherein the polypeptide consists of a sequence differing 

2 from SEQ ID NO:l by 1 to 10 conservative amino acid substitutions. 

1 5. The method of claim 3, wherein the amino acid sequence of the polypeptide 

2 consists of SEQ ID NO: 1 . 

1 6. The method of claim 3, wherein the polypeptide is fused to an N-terminal 

2 polyhistidine tag. 

1 7. The method of claim 3, wherein the polypeptide is administered parenterally. 

1 8. The method of claim 7, wherein the polypeptide is administered systemically. 

1 9. The method of claim 7, wherein the polypeptide is administered locally to the 

2 tumor site. 

1 10. The method of claim 3, wherein the therapeutically effective amount is 1 to 300 

2 mg/kg body weight/day. 
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11. The method of claim 10, wherein the therapeutically effective amount is 10-30 
mg/kg body weight/day. 



12. A method of inhibiting angiogenesis in a mammal, comprising administering to 
the mammal a therapeutically effective amount of a polypeptide that comprises the sequence 
ProArgCysGlyXaaProAsp, wherein Xaa represents Val or Asn (SEQ ID NO:6). 

13. The method of claim 12, wherein the polypeptide is 60 to 100 amino acids in 

length. 

14. A method of inhibiting angiogenesis in a mammal, comprising administering to 
the mammal a therapeutically effective amount of a polypeptide having at least 80% 
sequence identity with SEQ ID NO: 1 . 

15. The method of claim 14, wherein the polypeptide consists of a sequence differing 
from SEQ ID NO:l by 1 to 10 conservative amino acid substitutions. 

16. The method of claim 14, wherein the amino acid sequence of the polypeptide 
consists of SEQ ID NO: 1 . 

17. The method of claim 14, wherein the polypeptide is fused to an N-terminal 
polyhistidine tag. 

18. The method of claim 14, wherein the polypeptide is administered parenterally. 

19. The method of claim 14, wherein the polypeptide is administered systemically. 

20. The method of claim 18, wherein the polypeptide is administered locally to the 
tumor site. 
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1 21 . The method of claim 14, wherein the therapeutically effective amount is 1 to 300 

2 mg/kg body weight. 

1 22. The method of claim 21, wherein the therapeutically effective amount is 10 to 30 

2 mg/kg body weight. 

1 23. A method of inhibiting extracellular matrix destruction in a mammal, comprising 

2 administering to the mammal a therapeutically effective amount of a polypeptide that 

3 comprises the sequence ProArgCysGlyXaaProAsp, wherein Xaa represents Val or Asn (SEQ 

4 ID NO:6). 

1 24. The method of claim 23, wherein the polypeptide is 60 to 100 amino acids in 

2 length. 

1 25 . A method of inhibiting extracellular matrix destruction in a mammal, comprising 

2 administering to the mammal a therapeutically effective amount of a polypeptide having at 

3 least 80% sequence identity with SEQ ID NO: 1 . 

1 26. The method of claim 25, wherein the polypeptide consists of a sequence differing 

2 from SEQ ID NO:l by 1 to 10 conservative amino acid substitutions. 

1 27. The method of claim 25, wherein the amino acid sequence of the polypeptide 

■ ■ ( ■ * 

2 consists of SEQ ID NO: 1. 

1 28. The method of claim 25, wherein the polypeptide is fused to an N-terminal 

2 polyhistidine tag. 

1 29. The method of claim 25, wherein the polypeptide is administered parenterally. 

1 30. The method of claim 25, wherein the polypeptide is administered systemically. 

1 - • : : ■ * 

1 : ■ • I (. ". J " 
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<\ 31. The method of claim 29, wherein the polypeptide is administered locally to the 

2 tumor site. 

1 32. The method of claim 25, wherein the therapeutically effective amount is 1 to 300 

2 mg/kg body weight. 

1 33 . The method of claim 32, wherein the therapeutically effective amount is 1 0 to 30 

2 mg/kg body weight. 

1 34. A pharmaceutical composition comprising a polypeptide that comprises the 

2 sequence ProArgCysGlyXaaProAsp, wherein Xaa represents Val or Asn (SEQ ID NO:6). 

1 35. A pharmaceutical composition comprising a polypeptide having at least 80% 

2 sequence identity with SEQ ID NO: 1 . 

1 36. The composition of claim 35, wherein the polypeptide consists of an amino acid 

2 sequence differing from SEQ ID NO: 1 by 1 to 10 conservative amino acid substitutions. 

1 37. The composition of claim 35, wherein the amino acid sequence of the 

2 polypeptide consists of the amino acid sequence of SEQ ID NO: 1 . 



15 



» 



WO 01/80811 



PCT/US01/40554 



FIG. I 



or i np 03263s . 1 1 I matrix metallooroceinase 2 >gi | 461766 | sp | P3 343 4 | COG2_MOUSE 72 K 
~ TYPE IV COLLAGENASE PRECURSOR (72 KD GELATINASE) (MATRIX 

METALLOPROTEINASE-2) (MMP-2) (GELATINASE A) 

>gi | 284689 |pir | | A42496 gelatinase A (EC 3.4.24.24) 

precursor - mouse >gi | 198466 | gb | AAA39338 . 1 1 (M84324) 

type IV collagenase [Mus musculus] 

Length ■ 662 



Score - 201 bits (433), Expect » 2e-51 

Identities = 80/80 (100%), Positives = 80/80 (100%) 

APSPIIKFPGDVAPKTDKEIAVQYI*NTFYGCPKESCNLFVLKDTLKKMQKFFGLPOTGDL 60 
APSPIIKFPGDVAPKTOKEIAVQYXiNTFYGCPKESCNLF^KDTLKKMQKFFGLPQTGDL 
APSPIIKFPGDVAPKTOKELAVQYI-NTFYGCPKESCNLFVLIQ3TLKKMQKFFGLPQTGDL 8 9 

DQNTIETMRKPRCGNPDVAN 8 0 fSfOt J-OA/tf.'O 
DQNTIETMRKPRCGMPDVAN f 5£* X\> Aii 1 lj 
DCOTIETMRKPP-CGMPDVAN 109 C S£.<% 2-0 N£>\ l) 



Query: l 

Sbjct: 30 

Query: 61 

CKi . Oft 



1 / 6 



WO 01/80811 



PCT/US01/40554 



t 

FIG. 2. 



gblAA34l692.il (U65656) gelatinase A (Rattus' norvegicus ) 

Length - 652 

Score « 200 bits (430) , Expect » 4e-5i 
Identities - 79/80 (98%) , Positives - 80/80 (99%) 

Query: 1 APSPIIKFFGDVAFKTDKE1JW0YLNTFYGCPKES 60 

APSP I IKFPGDV^ PKTDKElAVQYIJrrrYGCPKESCNLrVXKDTXXXMO 60 
Sb 3 Ct: 3 0 APSPIIKFPOTVSPKTDKEIJlVQYI^ra^ B9 

Query: 61 DQNTIETMRKPRCGNPDVAN 80 CS£OL l) 

DQNTIETMRKPRCGNPDVAN ZDa/O:0 f^L/ 

Sbjct: 90 DQNTIETMRKPRCGNPDVAN 10 *C$£GL J i> W l) 



IP3 343 6 1COG2 RAT 72 KD TYPE IV CO LLAG ENAS E PRECURSOR (72 KD GELATINASE) 
METALI#0 PROTEINASE * 2 ) (MMP-2) (GELATINASE A) 
>gi|4236S8|pir| |S34780 gelatinase A (EC 3.4.24.24) 
precursor - rat >gi | 854415 ) emb | CAA50583 . 1 1 (X7146S) type 
IV collagenase (Rattus norvegicus J 
Length - 662 



(MATRIX 



■ 201 bits (433), Expect => 2e-51 
Identities - 80/80 (100%), Positives « 80/80 (100%) 



Query 
Sbjcz 
Query 
Sbjcc 



l 

30 
61 
90 



APSPIIKFPGDVAPKTDKEIAVQYLNTrYGCPKESC^ 60 

APSPIIKFPGDVAPJnrDKELAVQVXNTFYGCPKESCNLrVLCTTLKJC'IQKr FGLPQTGDL 
APS P I Z KFPGD VAP KTDKELAVQYLNTFYGCPKES CNL, ?VL JCDTt KIC1QK? r GLFQTGD L 8 9 

rCNTIETMRKPRCGNPDVAN 8 0 t * Cc * X(> M ° : ^ 
DQNTIETMRKPRCGNPDVAN XO MO:f/ . 

DQNTIETMRKPRCGNPDVAN lOS/'*^ Ai^i) 



2 / 6 



WO 01/80811 



PCT/US01/40554 



FIG. 3 



sp|.P50757 |COG2 RABIT 72 KD TYPE IV COLLAGENASE PRECtTR cno ti-> v-r, ~- 

METALLOPROTEINASE-2) { MMP - 2 } (GE^ATINASE^O^ GSLA " NA SE) (MATR 

>gi|7435845|pir| |S70365 gelatinase A (EC 3 4 24 24) 
precursor -rabbit >gi | 944817 | dbj | BAA09796 . 1 } (D63S79) 

L^th = e Sli Pr ° CeiliaSe ' 2 C 0r y«olagus cuniculu" 

Score = 193 bits (416), Expect = 4e-49 
Identities =75/79 (94%), Positives = 79/79 (99%) 

Query: 2 

Sfa^ Ct - 3 — — — ---- . » » w*-» | t MO V ^ X J^XM I f I WKj ^S^TNIrf 

Query: 62 QNTIETMRKPRCGNPDVAN 80 IP Aitf.'O 

0 + T I ETMRKPRCGNPD VAN C$£<* 
Sbjct: 91 CST I ETMRKPRCGNPD VAN 109 fS£<i 20 AlC: Zj 

splQ90611|COG2 CHICK 72 KD TYPE IV COLLAGENASE ODprrmcnp m 

METALLOPROTEINASE-2) ( MMP - 2 ) (GELATINASE^U^ ' ' " GELATI » AS *> (MATR 

>gi| 1079434 |pir| (S464S2^ gelatinase A {EC 3.4.24.24) 



3 / 6 



WO 01/80811 



PCT/USO 1/40554 



FIG. 4 



sol09061llCOG2CHICK 72 KD TYPE IV CO L LAG EN AS E PRECURSOR (72 KD GELATINASE) 

MET ALLO P ROTE INAS E - 2 ) (MMP-2) (GELATINASE A) 

>gi | 1079434 | pir | |S46492 gelatinase A (EC 3.4.24.24) 
precursor - chicken >gi | 504476 |gb | AAA19596 . 1 | (U07775) 
prepro-72kDa matrix metalloproteinase [Callus gallus] 
Length = 663 

score « 187 bits (402), Expect - 3e-47 
Identities - 72/80 <90%) , Positives « 77/80 (96%) 

nito „. , npcpjjKFPGDVAPKTDKEIJVVQyLOTFYGCPKESCNLFVLKBTLX^ 60 
Query, i APSPIIKFPGD PKTDKELAVQYLN + YGCPK+*CNLFVLKI)TLKKMOKFFGLP+TGDL 
SbjCt: 27 aPSPIIKFPCDSTPXTDKSIAVQYLSKYY^ 8 6 

Query: 61 DQNTIETMRKPRCGNPDVAN 80 XD M*l 0 

Query. DQNT I ETM + KPRCGNPD VAN ^ lO . 

SbjCt- 87 DQNTI ETMKKPRCGNPDVAN 106 C*>S<& ^VW.io; 



(MATR 



FIG. T 



O 

O 



Effect of Reconrbinant MMP-2 
Propeptide on Viability of a 
Chondrosarcoma Cell Line 



1 

0.8 
0.6 
0.4 4 
0.2 -( 
0 



: f 
f 




Control 



MMP 



ET-743 



4 / 6 



WO 01/8081 1 PCT/US01/40554 

FIG. & 




— i 



Effect of MMP-2 Propeptide on 
Bovine Chondrocyte Proteoglycan 
Synthesis 



c 

o 




1400 


To 
k. 




1200 


o 

CL 
w 




1000 


O 

o 


s 


800 




(CP 


600 


% 


400 


3 




200 


52. 
<7> 




0 




control 



FGF 



MMP 



5 / 6 



WO 01/80811 



PCT/USO 1/40554 



FI6. 2 

2Soo n 



— 2000 
1 




0 c !0 15 



Day 



6 / 6 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




(43) International Publication Date (™) International Publication Number 

1 November 2001 (01.11.2001) PCT WO 01/80811 A3 



(51) International Patent Classification 7 : A61K 38/00 
<21) International Application Number: PCT/US01/40554 



(22) International Filing Date: 1 9 April 2001 ( 1 9.04.2001 ) 



(25) Filing Language: 



(26) Publication Language: 



English 



English 



(74) Agent: FRASER, Janis, JC; Fish & Richardson P.C., 225 
Franklin Street, Boston, MA 021 10-2804 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 



(30) Priority Data: 

60/200,115 



27 April 2000 (27.04.2000) US 



(63) Related by continuation (CON) or continuation-in-part 
(CIP) to earlier application: 

US 60/200,115 (CIP) 

Filed on 27 April 2000 (27.04.2000) 

(71) Applicant (for all designated States except US): THE 
GENERAL HOSPITAL CORPORATION PJS/US); 55 
Fruit Street, Boston, MA 021 14 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): WEISSBACH, 
Lawrence [US/US]; 145 Pinckney Street #619, Boston, 
MA 02114 (US). 



(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, 
FT, LU, MC, NL, PT r SE, TR), OAP1 patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

(88) Date of publication of the international search report: 

7 March 2002 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 



00 



(54) Title: MMP-2 PROPEPTIDE FOR USE AS ANTIANGIOGENIC OR ANTITUMOR AGENT 



I? (57) Abstract: Methods and compositions for inhibiting growth of a tumor, inhibiting angiogenesis and inhibiting extracellular ma- 
trix destruction in a mammal are disclosed. The method includes administering a therapeutically effective amount of a polypeptide 

^ that contains the sequence ProArgCysGlyXaaProAsp, wherein Xaa represents Val or Asn (SEQ ID NO:6). Preferably, the polypep- 
tide is 60 to 100 amino acids in length. In some embodiments, the polypeptide is a human MMP-2 propeptide (SEQ ID NO:l) or an 

^ MMP-2 propeptide-like polypeptide, i.e., a polypeptide having at least 80 % sequence identity with SEQ ID NO:l . 



INTERNATIONAL SEARCH REPORT 



International application No 
PCT/USOl /,<>•>•>+ 



A. CLASSIFICATION OF SUBJECT MATTER 

1PC(7) :AG1K 38/00 
US CL :5!4-/*. itf 

According to Int ernationa) Parent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols 



U.S. 



) 



51*/ St. li? 



Do„ ti0 „ searched other ,„,„ m ,n, mum 5=3= 7o the ex t e„« 3= suc h Z= are =5 in .., S5T 



Electron, Ua.a b.ae consuhed during t he , n .erna„o„a. .search (nan,, of da.a ,,a.,e and. where practicable. ,earc., ,er„, use,.) 
STN; sequence search 
caplus. uspatfull 

angiogenesis, tumor, cancer, extracellular matrix destruction 
C. DOCUMENTS CO NSIDERED TO BE RELEVANT 
Category* 



A, P 



Citation of document, with indication, where appropr iate, of the relevant passages 

US 5,585,356 A (LIOTTA et al.) 17 December 1996, abstract; col 
7, lines 14-33; claim 6. 

US 6,184,022 Bl (SEIK1 et al.) 06 February 2001, see entire 
document. 



Relevant to claim No. 

1, 2, 12, 13, 23, 
24, 34 

1-37 



Further documents are listed in the continuation of Box 

Special categoric* of cited document* 

document defining the general state of the art which u not 
considered to be of particular relevance 

earlier document published on or after the international filing date 

document which may throw doubts on priority claim**) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use. exhibition or other 
means 

document published prior to the international filing date but later 
than the priority date cla imed 

>ate of the actual completion of the international search 
*3 AUGUST tfOOl 

Name and mailing address of the ISA/US 

o m !i?~ 0ncr ° r P»«eni5 and Trademarks 
Box PCT 

Washington. D C. >JO>22 i 
Facsimile No. (703) 305-3*30 



See patent family annex. 

later document published after the international lili„ K J atr „, pr ,„ ntv 
date and no. ,n conflict with the application but ceo to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot 1^ 
consKlered novel or cannot be considered to invoh r an inventive m, p 
when the document is taken alone 

document of particular relevance; the claimed .mention cannot I*- 
conaKlered to involve an inventive step when the document Z 
combined w„h one or more other such documents, vm h combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Form PCT/ISA/mo (second sheet) (July W<)x)+ 



Date of mailing of the international search report 

~ 0 OCT 2f 

Authorized oflic( 

Cybille DejbcijOixf ivnurtHfu 
Telephone Noj/ (703) 308-0196 



